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Fabrication and characteristic analysis of two- dimensional anti- reflective subwavelength periodic gratings
ZHAO Feng- mei, LIU Shou, ZHANG Xiang- shu, REN Xue- chang
( Department of Physics, Xiamen University, Xiamen 361005,China)
Abstract:On the base of the effective medium theory(EMT) , the ant i- ref lection property of subwavelength cross gratings with fill ing factors changing with
depth is studied. Sinusoidal shaped grat ings fabricated with holographic lithography are analyzed in detail , indicating that this kind of grating can form the structure
similar to graded index ant i- ref lective coat ings. Two- dimensional sinusoidal cross grat ings with 310 nm periodwere designed and fabricated using double- expo
sure method, with two coherent beams symmetrically incident to the recording medium ( photoresist ) . The result shows that the grat ing has enhanced the transmis
sion at visible wave band, thus has the potential to replace the traditional ant i- reflective coatings. Taking the recording medium w ith relief st ructures as the mas
ter and using embossing or cast ing methods, the structures can be replicated to other materials. Such anti- reflect ion materials have the merit s of simple fabrica
tion, low cost and mass product ion.
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nsin m - ni sin i =
m
 
其中 n i为入射介质的折射率, n 是衍射级传输的介质折
射率(对于反射衍射级 n= ni ,对于透射衍射级 n= ns 即基底
折射率) , i 和 m 分别代表了入射光线和第 m 级衍射光线的























neff =  
 1 - f + fn2s! f + (1- f ) n2s!+ n2s
2 f + ( 1- f ) n2s!
!1/ 2 (2)
















的正弦光栅用矩形光栅的方法来解决如图 2( a)所示, 这样就
形成了一种渐变的梯度折射率结构如图 2( b)所示。
图 2 正弦光栅等效成多片矩形光栅( a)及其渐变的梯度折射率结构( b)
2 二维正交光栅的设计和制作
根据等效介质理论 ,光通过亚波长光栅时, 光栅的衍射
级仅有零级存在。可见光波长一般在 380nm 至 780nm 之间,










光刻胶。通过多次实验选用如图 3 所示光路, 令一束激光
(功率为 40mW)经全反射镜 M1反射到分光镜 BS 上, BS 将光
分为两束,其中一束经全反射镜 M2 后再经空间滤波器 SF1,
另一束经全反射镜M2 再经空间滤波器 SF2,这两束发散光以
一定角度对称入射到记录介质 FH 上。一次曝光后将记录介
质旋转 90∃再次曝光。然后把曝光的记录介质放在 1. 5%的
NaOH 溶液中显影。为了做到理想的深度, 不断调整曝光和
显影时间,发现两次曝光时间均为 20 秒, 显影 3. 5秒得到的
结构最理想。制得光栅的原子力显微图如图 4 所示,图 4( a)






段都有增透效果,但在波长 380nm 至 620nm 之间, 增透效果
相对不明显,这是因为在短波长区域, 光栅周期相对入射波
长还不足够小,有零级以上的衍射光存在, 使透射光受到损
失。若周期能做到更小, 增透效果会更好, 在波长 620nm 至
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